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Abstract 
 
The paper presents research results in two experimental fields, one in Romania, and one in Greece. Purpose and 
research objectives focused knowledge influence they have unconventional tillage systems (paraplow, chisel, rotary 
harrow) on soil water conservation and its influence on the production of corn, wheat and cotton. The soil tillage system 
influenced the humidity along the whole period of vegetation for all culture, showing differences between the classic 
tillage system (plough), the minimum tillage system (chisel and paraplow) and the rotary harrow tillage. In wheat crop 
conditions at Romania, the order of the tillage systems, in what concerns the maximal water reserve at 50 cm depth, was 
as follows: chisel (3759 m3/ha), paraplow system (3651 m3/ha), classic plough system (3581 m3/ha) and rotary harrow 
system (3482 m3/ha). For wheat crop, in Greece conditions, lower values for humidity in all variants are registered, 
regardless the soil working system, yet the rotary harrow variant is lowest, because in the first 20 cm depth, in July, 
humidity (8.2 - 7.5 %) reaches values close to the fading index (6.33 - 6.78%). Crop yields showed that, by applying the 
unconventional systems different results would be obtained. The crop yields in the unconventional tillage were, in 
Romania, as follows: 92 - 98% for corn and 95 - 98% for wheat and in Greece: 80 - 90% for wheat, 96 - 99% for corn 
and 76 - 97% for cotton. Replacement of classic soil tillage system with paraplow, chisel and rotary harrow tillage leads 
to a reduced fuel consumption and improve the economic efficiency. 
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1.Introduction 
 
Soil tillage systems have evolved in the last 
decades, in concepts and implementation, related to 
specificity of ecology and cultivated plants, thus 
requiring different implementation patterns [1, 3, 7]. 
The over 20 years of research in the field of 
unconventional soil tillage systems made at the 
Faculty of Agriculture within the University of 
Agricultural Sciences and Veterinary Medicine 
Cluj-Napoca, internationally recognized, confirm 
the link between soil and water conservation tillage 
system used [5, 8, 9, 10, 11].  
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Relationship between the amount of water 
conserved and tillage system is influenced by many 
factors agrotechnical and pedoclimatic in each area 
[2, 4, 6]. The paper shows researches in two 
experimental fields, one in Romania, Cluj-Napoca, 
at the University of Agricultural Sciences and 
Veterinary Medicine, and one in Vassiliki, Trikala 
County, Greece. Purpose and research objectives 
focused knowledge influence they have 
unconventional tillage systems on soil water 
conservation and its influence on the production of 
corn, wheat and cotton. The extension in Greece of 
certain variants of unconventional soil tillage might 
ensure a better management of water resources and 
crop production values near the ones achieved by 
the classical soil tillage system. 
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2. Material and Method 
 
The experimental arrangement is a type AxB-
R (4x2-3) bifactorial test, with 8 variants in 
Romania and 12 variants in Greece, placed after 
subdivided plots method. The experimental factors: 
A- Soil tillage system: classic system: a1 - ploughing 
PP-3-30 + GD-3.4 (2X); unconventional system: a2 - 
chisel + rotary harrow; a3 - paraplow + rotary 
harrow; a4 - rotary harrow; B – Plant cultivated: in 
Romania: b1- corn, b2 –wheat; in Greece: b1 – 
wheat; b2 – corn; b3 – cotton.  
In Romania the experiments were organized 
on mollic aluvisoil. The cultures (corn and wheat) 
are studied in a 4 years crop rotation: corn, soybean, 
wheat, potato. The area occupied by a culture is 
2400 m2, and the experimental plot is 100 m2. Each 
variant was placed in 3 repetitions. In Greece the 
experiments were organized on typical fluvisoil. 
The cultures – corn, wheat and cotton – were 
studied in rotation as follows: A factor – soil tillage 
system was fixed in the field for a year, and B factor 
– the cultivated plant, was rotated - wheat - corn - 
cotton. The occupied area was 3600 m2, and the 
experimental plot was 100 m2. Each variant was 
placed in 3 repetitions.  
 
3. Results and Discussions 
 
The soil tillage systems influenced the water 
conservation in soil, the crop productivity and water 
use efficiency.  
Soil tillage system applied in Romania 
conditions influenced the humidity along the whole 
period of vegetation for corn culture, showing 
differences between the classic tillage system 
(plough), the conservative systems (chisel and 
paraplow) and the rotary harrow tillage; the classic 
systems ensure maintaining the water in soil during 
the whole period of vegetation, showing values over 
the minimal limit in the first development 
phenophases of corn culture – may-june.  
The humidity values range between 20 and 
22%, in the 50 cm depth, meaning 2 - 3% over the 
minimal limit and 2 - 3% under the soil capacity for 
water. During August and September the soil 
humidity decreases under the minimal level but not 
reaching the fading index.  
There are observed small differences between 
humidity values at the soil surface and in the 50 cm 
depth, owed to the plough work favorable to water 
accumulation, and 1 - 2 % losses in the 0 - 10 cm 
depth; the conservative working systems (chisel and 
paraplow) behave in a different way both between 
them and towards the ploughing system. 
Thus, in chisel working system, the value for 
soil humidity is 2 - 3 units lower than that in the 
classic system (plough) along the entire year in the 
50 cm depth. The low humidity value is owed to 
water loss at the soil surface, especially in the first 
period of the year until May, and in fall, when the 
vegetable remains at the soil surface retained the 
water, which decreases significantly through the 
freezing-defreezing process. In the ploughing 
system, water (though in small quantities), 
permeates the soil, and remains in it during the 
freezing-defreezing process. 
Although the soil humidity in the chisel 
working system was lower compared to the classic 
system, it didn’t reach the fading index during the 
entire year.  
Humidity ensure 17 - 18% growth and 
development of plants, but with great effort put into 
extracting water from soil, which lead to a lower 
crop value. 
Paraplow working system ensure by its 
effects the soil humidity at values virtually equal to 
classis system and bigger compared to chisel 
working system, during entire vegetation period. 
The difference between the two systems is explained 
by a better mobilization of soil at 30 - 40 cm depth 
which favors the water infiltration under 40 cm 
depth and therefore its conservation. Related to 
hydro physical indices, soil humidity in the 
paraplow working system overcome the minimum 
level of 50%, values of 19 - 22% humidity secure 
growth and development of plants. 
Rotary harrow working system is 
considered a risky system for corn crop, in view of 
water conservation in soil. Thus, humidity values 
are 5 - 7 units lower than the other systems, 
especially on 0 - 20 cm depth and in the second 
period of vegetation (August - October).  
Low values of humidity were observed also 
in growth and development of corn plants - they 
were less higher by 10-18 cm, leaves narrower by 1 
- 3 cm, none of the plants had 2 corn cobs, and in 
august many of the plants had leaves which were no 
longer active, being prematurely dry - which seems 
a plant adaptation to lack of humidity, although its 
value excel 1 - 2 units the fading index in the first 
20 cm depth. 
For autumn wheat crop, seeing from the 
soil humidity perspective, in a normal year - with a 
multi-annual average of aprox. 600 mm and a 60% 
distribution during the vegetation period - one can 
use ploughing classic system and chisel, paraplow 
and rotary grape unconventional tillage systems.  
At harvesting of the wheat crop, soil 
humidity was satisfying in all tillage systems, except 
the variant with rotary harrow tillage, where the 
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humidity on 1 - 10 cm and 10 - 20 cm depth was 
15.44% and 15.40% respectively, much close to the 
fading index (14.12%). 
Compared to experimental soil in Cluj 
Napoca, the soil from the Greece experiment field is 
more permeable, the clay content is under 20% (in 
the range 17.82 - 19.24 %), where in Cluj Napoca 
was 41-43%, and the humus content 1.95 - 2.20%.  
The apparent density shows middle to high 
values in the ploughed horizon, 1.25 - 1.36 g/cm3, 
due to higher percent of fine (0.2 - 0.002 mm) sand, 
exceeding 45% of the granulometric composition of 
soil, adding also the higher percent of dust, over 
20%. 
For wheat crop, in Greece conditions, lower 
values for humidity in all variants are registered, 
regardless the soil working system, yet the rotary 
harrow variant is remarkable, because in the first 20 
cm depth, in July, humidity (8.2 - 7.5 %) reaches 
values close to the fading index (6.33 - 6.78%).  
As for the chisel and paraplow working 
system, concerning the water content of soil, the 
clayey-sandy texture of the Vassiliki soil doesn’t 
show different values that will permit the choice of 
a certain variant. 
For corn crop, compared to classic variant 
(plough field), the unconventional variants (chisel 
and paraplow tillage system) are competitive, 
securing a good water conservation in soil, 
outrunning the classic variant by 1 - 2%. It is 
notable the influence in time of conservative 
systems on water conservation in soil.  
Thus, in august-September, the soil humidity 
in the paraplow variant is higher, 16.5 - 20.0 %, 
compared to ploughing variant, 14.0 - 15.2 %. The 
differences are explained by keeping the interior 
design of soil in the variants without furrow turn-
over and by the mulch effect of the vegetal remains 
at the soil surface. 
Water reserve in soil, in the 50 cm depth, is 
different based in the culture phenophase and the 
soil tillage system. 
In corn crop conditions at Cluj Napoca: the 
unconventional soil tillage systems secure the water 
conservation in soil, the 445 - 525 mm water reserve 
being close to the classic plough tillage, 505 mm; 
the unconventional paraplow system is more 
performant than the other tillage systems, including 
the classic plough one; grouping the tillage systems 
by their water reserve, the following classification is 
obtained, from higher to lower values: 
unconventional paraplow system 5259 m3/ha, 
classic plough system 5044 m3/ha, unconventional 
chisel system, 4539 m3/ha and last, rotary harrow 
system, 4445 m3/ha; the unconventional  paraplow 
and chisel systems preserve the humidity for a 
longer period of time, thus at the harvesting of the 
corn crop, the water reserve in soil overcome the 
values for the classic system. 
In wheat crop conditions at Cluj Napoca: the 
order of the tillage systems, in what concerns the 
maximal water reserve at 50 cm depth, was as 
follows: chisel (3759 m3/ha), paraplow system 
(3651 m3/ha), classic plough system (3581 m3/ha) 
and rotary harrow system (3482 m3/ha). 
Infiltration, determined both in Romania as in 
Greece, showed initial values of 37.1-39.8 cm/h at 
wheat crop and 34.0 - 35.6 cm/h corn crop. 
Compared to the classic systems variants, in the 
unconventional tillage systems equal or higher 
values are registered. Its worth mentioning the 
influence of rotary harrow on the amount of water 
infiltrated, thus, even if the water reserve 
determinations show small values in this variant, the 
infiltration observations doesn’t prove the same. 
The explanation is the good aeration that the rotary 
grape achieved at the soil surface, whether is on 
plough or non-plough field.  
The amount of water infiltrated in soil range 
as follows: 5.5 - 8.4 l/m2/minute at wheat crop, 5.6 - 
7.4 l/m2/minute at corn crop, and the infiltration 
tendency is the same as the initial infiltration rate. 
The saturated hydraulic conductivity is 
directly linked to aeration depth of the soil, and is 
practically correlated to soil apparent density and 
porosity.  
Thus, at wheat crop, there are no differences 
observed between the conventional and 
unconventional tillage systems in the 0 - 10 cm 
depth, except the plough + rotary grape variant, 
where the value registered is 15.3 mm/h, compared 
to 18.6 mm/h found in rotary grape variants for 
preparing the germination bed.  
Under this depth, at 10 - 20 cm, the smallest 
values were obtained in variants with rotary grape, 
10.5 mm/h respectively, due to the non-mobility, 
apparent density and high compaction of this layer.  
On the 20 - 30 cm depth the infiltration 
values are very close between the experimental 
variants. The same tendency is registered in the corn 
crop, both in Romania as in Greece. 
Crop yields showed that, by applying the 
unconventional systems different results would be 
obtained, and is decisive to choose the tillage 
variant correlated to crop plant and the 
modifications induced to soil.  
Thus, compared to the conventional tillage, 
the crop yields in the unconventional tillage were, in 
Romania, as follows: 92-98% for corn (table 1) and 
95 - 98% for wheat (table 2) and in Greece: 80 - 
90% for wheat (table 3), 96 - 99% for corn (table 4) 
and 76 - 97% for cotton (table 5). 
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 Table 1. The influence of soil tillage system applied to mollic alluvial soil on yields in corn crop, Cluj Napoca. 
Variant Plough + disk 2x  Chisel + rotary harrow Paraplow + rotary harrow Rotary  harrow 
Corn           kg/ha 
                    % 
               Diff.± 
    Significance 
6857 6704 6737 6395 
100 97 98 92 
Control - 153 - 120 - 462 
Control ns ns 000 
    DL 5%= 180.04 kg/ha; DL 1%= 261.88 kg/ha; DL 0.1%= 392.82 kg/ha. 
 
 
 Table 2. The influence of soil tillage system applied to mollic alluvial soil on yields of wheat crop, Cluj Napoca. 
Variant Plough + disk 2x Chisel + rotary harrow Paraplow + rotary harrow Rotary  harrow 
Wheat       kg/ha 
                      %                 
Diff.±       
Significance  
3451 3391 3387 3282 
100 98 98 95 
Control - 60 - 64 - 169 
Control ns ns 0 
   DL5% = 140.11 kg/ha; DL1% = 203.80 kg/ha; DL0.1% = 305.70 kg/ha. 
 
 
 Table 3. The influence of soil tillage system applied on fluvisoils on yields of wheat crop, Vassiliki. 
Variant Plough + disk 2x Chisel + rotary harrow Paraplow + rotary harrow Rotary  harrow 
Wheat       kg/ha 
                  % 
                Diff.± 
Significance  
5000 4200 4500 4000 
100 84 90 80 
Control - 800 - 500 - 1000 
Control 0 ns 000 
  DL5% = 631.21 kg/ha; DL1% = 845.52 kg/ha; DL0.1% = 997.50 kg/ha. 
 
 
 Table 4. The influence of soil tillage system applied on fluvisoils on yields of corn crop, Vassiliki. 
Variant Plough + disk 2x Chisel + rotary harrow Paraplow + rotary harrow Rotary  harrow 
Corn         kg/ha 
                  % 
                Diff.± 
     Significance 
15800 15300 15700 15100 
100 97 99 96 
Control - 500 - 100 - 700 
Control 0 ns 0 
  DL5% = 301.12 kg/ha; DL1% = 745.21 kg/ha; DL0.1% = 945.23 kg/ha. 
 
 
 Table 5. The influence of soil tillage system applied on fluvisoils on yields of cotton crop, Vassiliki. 
Variant Plough + disk 2x Chisel + rotary harrow Paraplow + rotary harrow Rotary  harrow 
Cotton      kg/ha 
                  % 
                Diff.± 
     Significance  
4600 4450 3500 4300 
100 97 76 93 
Control - 150 - 1100 - 300 
Control ns 000 ns 
   DL5% = 342.53 kg/ha; DL1% = 784.42 kg/ha; DL0.1% = 978.45 kg/ha. 
 
Economic efficiency is different by using 
different type of tractor machines for the same 
works. Use of high capacity tractors, of 120-170 
HP, reduces the fuel consumption by 33.40 - 
36.40% at the basic work, with differences, varying 
with the type of work and with 11.20 - 22.30% at 
the preparation of germination bed. 
Replacement of classic soil tillage system 
with paraplow, chisel and rotary harrow tillage, in 
Romania conditions, leads to a fuel consumption 
reduced to 52.7 - 91.6% for corn crop, and to 64.1 - 
91.4% for wheat crop (table 6). For corn crop, face 
to 13.94 l/ha of fuel consumed in conventional 
technology (classic plough + disc 2x), by applying 
the minimal tillage systems (rotary grape, paraplow 
and chisel) the fuel consumption is reduces to 7.87 - 
13.00 l/ tone. The determinations showed that for 
autumn wheat crop the fuel consumption was 17.8 
l/tone in control and 12.0 - 16.6 l/tone in minimal 
system variants. The highest efficiency was noted, 
for all crop cultures, in the rotary grape variant, 
where the fuel consumption per tone of crop yield is 
reduced to 56 - 67% from the conventional system 
consumption. 
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 Table 6. Influence of the soil tillage system on fuel consumption (l/tone). 
Crop Specification Plough Chisel Paraplow Rotary harrow 
Corn Production, kg/ha 6857 6704 6737 6395 
Consumption, l/ha 95.62 71.69 87.58 50.36 
Consumption, l/to 
        % 
13.94 10.69 13.00 7.87 
100 76.7 93.3 56.5 
Wheat Production, kg/ha 3451 3391 3387 3282 
Consumption, l/ha 61.60 51.32 56.33 39.50 
Consumption, l/to 
        % 
17.8 15.1 16.6 12.0 
100 84.8 93.3 67.4 
 
4. Conclusions 
 
From the analysis of economical efficiency 
elements, results the possibility to extend in Greece 
the unconventional soil tillage systems, but 
differentiated from a crop to another, and function 
of the use or not of irrigation.  
At wheat crop it can be extended the 
paraplow tillage system, assuring costs/tone of 
wheat crop equal to classic variant and a 94% profit. 
It is not motivated to extent the basic work if the 
tillage system with rotary grape tillage, because the 
costs/tone of wheat crop is high and the profit is 
small (73%).  
Chisel work for wheat crop culture must be 
taken under reserve because costs/tone of wheat 
crop is higher than the witness and the profit only 
89%. At irrigated corn crop culture, the use of 
paraplow tillage gave the smallest costs/tone of corn 
crop and the maximum profit, 102%.  
There are no elements of economic 
efficiency supporting the rotary harrow use. At 
cotton culture, in irrigated conditions, the use of 
chisel proves to be a solution for yield maximization 
and profit increase. 
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